We have diagonalized the transfer matrix of the U q [osp(2|2m)] vertex model by means of the algebraic Bethe ansatz method for a variety of grading possibilities. This allowed us to investigate the thermodynamic limit as well as the finite size properties of the corresponding spin chain in the massless regime. The leading behaviour of the finite size corrections to the spectrum is conjectured for arbitrary m. For m = 1 we find a critical line with central charge c = −1 whose exponents vary continuously with the q-deformation parameter. For m ≥ 2 the finite size term related to the conformal anomaly depends on the anisotropy which indicates a multicritical behaviour typical of loop models.
Introduction
Two-dimensional vertex models of statistical mechanics are nowadays considered classical paradigms of the theory of exactly solvable models [1] . Their statistical weights can be directly related to the elements of a R-matrix satisfying the Yang-Baxter equation invariant relative to the fundamental representations of U q [G] quantum symmetries [2] .
The thermodynamic limit properties of most vertex models derived from ordinary Lie algebras, such as the free-energy and the nature of the excitations, have been well examined over the past decades in the literature, see for instance [3, 4, 5, 6] and references therein. It is believed, for instance, that the massless regimes of these vertex models are described by the critical properties of Wess-Zumino-Witten field theories on the group G [7] . We remark, however, that at least one counter example to such common belief appears to occur in the U q [sp(2m)] vertex models [8] .
By way of contrast, similar physical properties of the U q [G] vertex models when G is a superalgebra have not yet been examined in details. The majority of the results concerning the possible universality classes of critical behaviour governing the massless phases in these systems have been concentrated on the sl(n|m) symmetry [9, 10, 11] . Similar information for other superalgebras such as osp(r|2m) has so far been restricted to the rational limit q → 1 [12, 13, 14] . It is not yet clear, however, if the determined classes of universality are robust against q-deformations such as the cases of ungraded algebras.
In this paper we hope to start to bridge this gap by investigating the leading finite size corrections governing the eigenspectrum of the U q [osp(2|2m)] vertex models. These finite size properties have a direct relationship with the critical operator content of massless phases [15] .
In order to do that we have diagonalized the respective row-to-row transfer matrix by means of the algebraic Bethe ansatz approach. We have considered explicitly all grading choices that are compatible with the underlying U(1) symmetries of the R-matrix. This step will complement our previous efforts concerning the Bethe ansatz solution of the U q [osp(n|2m)] vertex models [16] . We recall that the exact solution for n = 2 was not presented before [16] due to technical problems with the special grading considered in that work. Here we are able to circumvent such technicalities. This paper is organized as follows. We start next section by describing the statistical weights of the U q [osp(2|2m)] vertex models. In section 3 we discuss the diagonalization of the corresponding row-to-row transfer matrix, within the algebraic Bethe ansatz method, for a variety of grading possibilities. In section 4 we use such grading freedom to choose the appropriate one in order to deal with the thermodynamic limit in the simplest possible manner.
In section 5 we study the finite size properties of the U q [osp(2|2m)] vertex models by both analytical and numerical approaches. This provides us the basis to conjecture, in the massless regime, the behaviour of the leading finite size corrections to the spectrum for general m. For m = 1 these results indicate that the central charge of the underlying conformal field theory is c = −1. For m ≥ 2, however, we find that the finite size term associated to the conformal central charge depends on the anisotropy coupling q. In Appendices A and B we describe the technical details entering the Bethe ansatz solution of a particular grading.
The U q [osp(2|2m)] vertex model
The R-matrix of the U q [osp(2|2m)] vertex model is defined on the tensor product of Z 2 graded spaces having two species of bosons and 2m species of fermions. The Grassmann parity p α is used to distinguish the bosonic p α = 0 and the fermionic p α = 1 degrees of freedom.
To establish the statistical interpretation of this system it is important to know the structure of the R-matrix R 12 (λ) in appropriate coordinates such as the Weyl basis. This task is in general rather involved for superalgebras but recently some progresses towards this direction have been made [17, 18] . The Boltzmann weights of such systems can be conveniently written in terms of the standard relation [19] ,
where P 12 is the graded permutator given by P = 
which is insensitive to grading.
It turns out that the correspondingŘ-matrix of the U q [osp(2|2m)] vertex model, in terms of the Weyl basis, can be written as, α>β,α =β ′ê αα ⊗ê ββ
For later convenience we have introduced the label (0) ≡ (2|2m). It emphasizes that we are considering a Z 2 graded space with two bosonic and 2m fermionic degrees of freedom and N 0 = 2 + 2m denotes the dimension of such space. Each index α has its conjugated α ′ = N 0 + 1 − α and the Boltzmann weights a
We stress that the formulas (3) (4) (5) are valid only for grading choices whose respective parities
α satisfy the reflexion condition p
α ′ . These grading possibilities are consonant with the underlying U(1) symmetries of the system that usually play an essential role in Bethe ansatz solutions. Furthermore, the parameter ζ (0) = q −2m and the variables ǫ α and t α are related to the parities by
We would like to close this section with the following remark. The above explicit expression for the U q [osp(2|2m)]Ř-matrix was first presented by us for a particular grading choice [16] and later on generalized to include other grading possibilities satisfying the condition p
. In the former reference we claimed also to have exhibited the explicit expression of theŘ-matrix associated to the twisted U q [osp (2) (2n|2m)] quantum superalgebra. Recently, however, we realized that such identification is not correct and theŘ-matrix denoted by
in [16] is in fact the one invariant relative to the U q [spo(2n|2m)] quantum symmetry 1 [20] . This means that the results to be obtained in next sections are therefore also valid for the vertex model based on the U q [spo(2m|2)] symmetry. We believe that the correct U q [osp (2) (2n|2m)]
R-matrix were indeed obtained by us in [17] as those associated with the generalizations of Jimbo's D
n+1 R-matrix. We hope that this later identification could be confirmed in near future by means a detailed analysis of the set of algebraic relations coming from the respective Yang-Baxter algebra [21] . We also note that the R-matrices associated to q-deformations of the osp(2|2) symmetry have been previously investigated in [22, 23] . 1 We thank J.R. Links for suggesting us that this may be the case.
The algebraic Bethe ansatz
The quantum inverse scattering method provides us a systematic framework to construct and solve integrable vertex models by the algebraic Bethe ansatz [24] . It also can be extended to systems whose R-matrices are invariant relative to Lie superalgebras [19] . In this approach we start by considering a collection of R-matrices, R Aj (λ) with j = 1, . . . , L, acting non-trivially on the auxiliary space A (0) ≡ C N 0 and on the j-th node of the quantum space
important ingredient is the monodromy matrix defined by the following ordered product of R-matrices,
The row-to-row transfer matrix of the respective vertex model can then be written as the supertrace of the monodromy matrix with respect to the auxiliary space [19] , namely
The next step is to present the solution of the eigenvalue problem,
within an algebraic formulation of the Bethe ansatz.
In this section we tackle the problem (10) in the case of the R-matrices (3-7) of previous section for any of the grading p
We remark that such solution for a variety of such gradings is in general rather intricate even for the U q [sl(n|m)] vertex model [25, 26] .
Here follow the nested Bethe ansatz formalism developed in [27] for isotropic vertex models and recently extended to accommodate trigonometric R-matrices based on q-deformed Lie superalgebras [16] . We recall, however, that in the later reference the Bethe ansatz solution for the specific case of the U q [osp(2|2m)] vertex model was not presented and here we will be filling this gap. Considering that the main procedure has already been well explained before [27, 16] there is no need to repeat it again in details. In what follows we shall restrict ourselves only to the essential points concerning the solution of such eigenvalue problem. Fortunately, we find that the presence of the many grading possibilities p
α ′ can still be accommodate in terms of certain recurrence relations envisaged by us in [16] for a specific grading choice.
This relation for the eigenvalues of T (0) (λ) turns out to be,
while the corresponding Bethe ansatz equations for the rapidities {λ
We now describe the way the recurrence relations (11, 12) should be interpreted. The label (α) in the eigenvalues and Bethe ansatz equations was introduced to characterize the respective graded space these results are concerned with. The dimension of such space is twice less than the one we started with, N α = N 0 − 2α, and the respective number of bosonic and fermionic degrees of freedom are determined by the following rule,
The Grassmann parities p In order to obtain the eigenvalues and respective Bethe ansatz equations for a given choice of parities p
α ′ we need to iterate the relations (11, 12) starting from α = 0. We then carry on such nested procedure until we reach a final step labeled by (f ) and therefore up to α = f − 1. In this last step we have to deal with the diagonalization of an inhomogeneous transfer matrix of the following type,
The solution of the eigenvalue problem for such last step depends much on the choice of the parities we started with. We find that for all gradings choices satisfying p
α ′ , except the special case p 
with the following Boltzmann weights
Considering that the Bethe ansatz solution of the six vertex model has been already well examined in the literature, we shall not extend over this problem. In order to present our results in a more suitable form we define
i ) and set q = e iγ . In this way we have the following expression for the eigenvalues
where the auxiliary functions G α (λ|{λ
Qα(λ−δα−(−1)
The rapidities λ (α) j are constrained to satisfy the following set of Bethe ansatz equations,
where
We remark that in order to obtain the Bethe ansatz equation in the above symmetric form we have performed the shifts {λ
The variables δ α have a strong dependence on the parities and are given by,
As usual we see that the Bethe ansatz equations as well as the eigenvalues depend strongly on choice of the parities p The other grading possibilities in the family considered so far, namely
are represented in Figure 2 . We now turn our attention to the Bethe ansatz solution for the remaining grading,
For the grading choice (22) the last step is no longer governed by the six-vertex model.
In this last stage one has to deal with a 16 × 16 R-matrix R (f ) (λ) whose graded space is together with the recurrence relations (11, 12) . By performing these steps we find that the corresponding eigenvalues in the grading (22) are,
, provided the rapidities {λ
j } satisfy the following Bethe ansatz equations,
We recall that the symmetrical form (24) is obtained after performing the shifts {λ
for α = 1, . . . , m − 1, and {λ
. We close this section by presenting in Figure 3 the diagrammatic representation of the Bethe ansatz equations (24) . 
Thermodynamic Limit
In this section we will study the thermodynamic limit properties of the spin chain associated to the U q [osp(2|2m)] vertex model. The corresponding Hamiltonian is formally obtained as the logarithmic derivative of the transfer matrix (9) at the regular point λ = 0,
where from now on we have fixed the normalization J = sin(γ).
We start our analysis by studying the spectrum of the operator (25) for small chains, in
, by means of exact diagonalization methods for m = 1, 2. The next step is to reproduce the lowest energies within the Bethe ansatz solutions of previous section in order to find the pattern of the corresponding roots {λ (α) j }. This helps us to select, among the possible forms of the Bethe ansatz equations, the one that has the less complicated root structure as possible. This study leads us to select the set of Bethe ansatz solution associated to the grading F . . . F BBF . . . F , since the low-lying spectrum of (25) is reproduced by using mainly real roots for all nested levels. In this case, the eigenvalues E (m) (L, γ) of the Hamiltonian (25), up to an additive constant, are given in terms of the variables {λ
.
We now explore the Bethe ansatz equations on the grading F . . . F BBF . . . F in order to determine analytically the ground state energy and the nature of the low-energy excitations.
Considering that the low-lying spectrum is described mostly in terms of real roots we take directly the logarithmic of the original Bethe ansatz equations (24) and as result we find,
where Φ(λ, γ) = 2 arctan [cot (γ) tanh (λ)]. The numbers Q (l) j define the different branches of the logarithm and in general are integers or half-integers. For example, part of the low-lying spectrum can be parameterized in terms of an integer sector index r l and the corresponding sequence of Q (l) j numbers are,
For large L, the number of roots n l tends toward a continuous distribution in the real axis and the following density of roots can be defined
In the limit L → ∞, the Bethe ansatz equations (27-29) turn into coupled linear integral equations for the densities ρ (l) (λ (l) ). These integral equations can be solved by standard Fourier
, and the final results are
From Eqs. (26, 33) we can compute the ground state energy per site e 
Let us now turn our attention to the behaviour of the low-lying excitations in the thermodynamic limit. As usual to many integrable models, the energy ε (l) (x) and the momenta p (l) (x) of the l-th excitation measured from the ground state are related by
By using Eq. (33) we conclude that the low-momenta dispersion relation is linear for all
We have now the basic ingredients to investigate the finite size effects in the spectrum of
Finite size properties
The basic behaviour of the leading finite size corrections to the spectrum of gapless systems are expected to follow that of conformally invariant theories in a strip of width L [15] . For periodic boundary conditions, the ground state energy E 0 (L) behaves, for large L, as
where c is the central charge and v is the sound velocity.
The structure of the higher energy states E α (L) are also determined by the conformal dimensions X α of the respective primary operators, namely
In what follows we begin our study of the finite size effects by considering first the simplest case m = 1.
The U q [osp(2|2)] model
The finite size corrections for the U q [osp(2|2)] spin chain can be studied with rather little effort at the particular point γ = π 2
. In this case the Bethe ansatz equations for the roots {λ (±) j } become similar to that of lattice free-fermion models,
while the spectrum are parameterized by
Therefore, for the value γ = π 2
, one can exhibit exact expressions for the low-lying energies, in a given sector r ± , by summing over selected free-momenta of type k
± j wheren ± j are integers. The computation depends, however, whether the fermionic index r + + r − is an odd or an even number. When r + + r − is an odd number we find that
whose asymptotic expansion for large L becomes
Similar analysis can be performed when r + + r − is an even number. The difference is that now the free-momenta are shifted by a fixed amount π L
. For instance, the expression for the lowest energy in the sector r + = r − = 0 is given by
Direct comparison between Eqs. (42,43) reveals us that the form of the finite size effects has a clear dependence on the fermionic index r + + r − . We also note that the ground state for finite L lies in the odd sectors r + = ±1 and r − = 0 or r + = 0 and r − = ±1 and therefore it is four-fold degenerated. This preliminary analysis will be of utility to help us to make a prediction for the finite size corrections in the whole regime 0 ≤ γ ≤ π 2 .
To make further progress for arbitrary values of the coupling γ we use the so-called density root method [28, 29] . This approach is able to give us the main expected behaviour of the leading finite size corrections when both the ground state and the low-lying excitations are described in terms of real roots or those carrying a fixed imaginary part such as i
. This is exactly the situation we found for the U q [osp(2|2)] model. This conclusion is achieved by comparing the spectrum generated by numerical solutions of the Bethe ansatz equations (24) with that from direct diagonalization of the Hamiltonian (25) up to L = 16. By applying the root density approach to the U q [osp(2|2)] model one finds that its prediction for the finite size behaviour of the eigenenergies is
where the scaling dimensions X s + ,s − r + ,r − (γ) can be written as
The integers r ± are related to the number of roots m ± = . . Considering these observations one concludes that, for periodic boundary conditions, the numbers s ± should indeed begin at values ± when r + + r − is even. These arguments strongly suggest that the possible values of the vortex numbers s ± should depend on the spin-wave numbers r ± by the following rule,
• for r + + r − odd → s ± = 0, ±1, ±2, . . .
In order to investigate the validity of the proposal (45,46) beyond the decoupling point, we have solved numerically the original Bethe ansatz equations (24) for L ∼ 24. This numerical work enables us to compute the sequence,
that are the expected to extrapolate to the dimensions X In Figures 4(a, b) we exhibit the pattern of the roots associated to the X 0,0 0,1 (γ) and X 0,1 0,1 (γ) respectively.
In table 2 we show similar results for dimensions where r + +r − is even and the corresponding roots structure are exhibited in Figures 5(a, b, c) . From Eq. (45) we see that for s + = s − the scaling dimensions diverge as γ → 0. In this limit one expects therefore that only the sectors s + = s − will contribute to the low-energy operator content. In order to describe the expected scaling dimensions at the isotropic point lets us, by considering the rule (46), define s + + s − = 2s (2s + 1) for r + + r − = 2r + 1 (2r). We see then that the finite part of the dimensions (45) becomes, 
The U q [osp(2|2m)] model
For arbitrary m ≥ 2 the special point γ = π 2
is not of great help because the Bethe ansatz equations (24) are not fully decoupled. We shall therefore start our study by considering the analytical predictions that can be made within the density root method. Considering that such an approach has already been well described before [28, 29] , we will present here only the final results for general m. This framework can be adapted to handle the nested form of the Bethe equations (24) and the finite size corrections for E (m) (L, γ) turns out to be,
where the corresponding scaling dimensions are given by
and the non-null matrix elements C For m ≥ 2 we encounter some difficulties to unveil possible constraints between these numbers solely on basis of numerical solutions of the Bethe ansatz equations (24) and exact diagonalization of the respective Hamiltonian (25) . In order to make some progress we assume that the origin of such rule should go back to the issue of treating strictly periodic boundary conditions for the fermionic degrees of freedom in all sectors. We can first consider the situation in which all the 2(m + 1) degrees of freedom behave as bosons as far as boundary conditions are concerned. Next we look at the sectors whose eigenenergies do change as compared with the original system containing two bosonic and 2m fermionic degrees of freedom. The sectors whose spectrum remain the same should be described by integers while the remaining ones by half-integers as far as the values of s α are concerned. Having in mind the above considerations, we are able to derive the following conjecture for the constraints
• for r m−1 + r + + r − odd → s ± = 0, ±1, ±2, . . .
Before proceeding we would like to note that the above constraints reflect the structure of the Bethe ansatz equations (24) . In fact, the vortex numbers s α depend on the values of the neighboring spin-wave numbers according to the Dynkin diagram of Figure 3 . Furthermore, such relationship for the Bethe roots with ( ) or without ( ) self-scattering are just the opposite. In order to give some support to this conjecture we solve numerically the Bethe ansatz equations (24) All of them are in accordance with that predicted by Eqs. (51,52) provided the rule (53) is taking into account.
As before, we do not expect that the ground state E (m) 0 (L, γ) for general m will lie in the sector with all null spin-wave numbers due to the constraints (53). For m = 2, combination between Bethe ansatz and exact diagonalization results leads us to conclude that the ground state sits indeed in the sectors r 1 = ±1 and r ± = 0 or r 1 = r + = r − = ±1. We have verified, for instance, that the lowest energy in sectors {1, 0, 0} and {1, 1, 1} are exact the same for finite L. Consequently, from Eqs. (50,51) we derive that E (2) 0 (L, γ) behaves as,
We see that the term in Eq. (54), usually related to the central charge, now varies continuously with the anisotropy γ. This is the typical expected behaviour for the critical properties of loop models [32] derived from vertex models with appropriate boundary conditions such as the q-state Potts and six-vertex systems [33] . The criticality of the loop model depends on its fugacity per every loop which turns out to be a function of the anisotropy γ of the corresponding vertex model, see for examples [34] . In our case, strict periodic boundary conditions for both bosonic and fermionic degrees of freedom should probably work as the bridge between the loop and the vertex model formulations. This is at least the situation of the isotropic osp(2|2m)
vertex model which was shown to provide a realization of an intersecting loop model with fugacity Q = 2(1 − m) [12] . Lets us admit that this analogy could be in some manner be extended for arbitrary γ. Considering that the U q [osp(2|2m)] vertex models share a common underlying braid-monoid algebra [17] it is natural expect that respective loop fugacity will be a function of the weightQ of the monoid operator. From our previous work [17] it follows that
. Therefore, it is only at the special case m = 1 thatQ does not depend on the anisotropy, explaining why in this case the central charge was indeed independent of γ. A more precise description of these loop models such as the relation between vertex and loop Boltzmann weights has eluded us so far.
We have carried out the above analysis up to m = 3. This leads us to conjecture that for general m the finite size correction for the ground state will be,
where [
] denotes the largest integer less than
We note that the result (55) when γ → 0 agrees with the central charge behaviour predicted in [12] for the isotropic osp(n|2m) spin chains. In this limit, we also see from Eqs. (51,52) that the scaling dimensions for s + = s − diverge as γ approaches zero and as before only the sectors s + = s − contributes to the low-lying operator content. The generality of this scenario for arbitrary m strongly suggests that the continuum limit of the osp(2|2m) spin chains should be described by some peculiar field theory. In fact, we remark that a proposal towards this direction have recently been put forward in the work [31] .
Conclusions
In this paper we have studied an integrable vertex model invariant relative to the U q [osp(2|2m)] quantum superalgebra. The corresponding transfer matrix eigenvalue problem has been solved by the algebraic Bethe ansatz for a variety of grading choices. We thus have complemented previous efforts concerning the exact solution of solvable vertex models based on superalgebras.
We have explored the results for the transfer matrix eigenvalues and Bethe ansatz equations to investigate the thermodynamic limit properties as well as the finite size corrections to the spectrum in the massless regime. We have argued that the root density method needs a subtle adaptation to predict the correct finite size effects. It was observed that the constraints between spin-wave and vortex numbers are reflected in the Dynkin representation of the Bethe ansatz equations. We believe that this will be the general scenario for integrable models based on superalgebras. This analysis has been helpful to point out possible classes of universality governing the criticality of the massless phase. The continuum limit of the U q [osp(2|2)] vertex model appears to be described by a c = −1 conformal theory with critical exponents varying with the anisotropy. On the other hand, the gapless regime of the U q [osp(2|2m)] models for m ≥ 2 was found to have a multicritical behaviour typical of loop models of statistical mechanics.
We hope that our results will open further possibilities of investigations. For instance, one could use the Bethe ansatz equations (24) to study the free-energy thermodynamics of the U q [osp(2|2m)] vertex models. This representation is in fact rather suitable for the application of the so-called quantum transfer matrix method for finite temperatures [35, 36] . This would provide us information on relevant physical properties of the U q [osp(2|2m)] spin chains such as specific heat and magnetic susceptibility in the entire temperature range. In particular, this could be used to check the S-matrix of a osp(2|2) field theory proposed to described certain disordered systems [37] . The main Boltzmann weights are given by 
while the remaining elements can be written as
It is not difficult to see that for q 1 = q 2 = q one recovers the U q [osp(2|2)] R-matrix defined in Eqs. (3) (4) (5) (6) (7) when the grading F BBF is adopted. We start by recalling the definition of the monodromy operator entering the algebraic Bethe ansatz solution of this vertex model in the presence of inhomogeneities,
as well as the associate row-to-row transfer matrix
The monodromy operator (A.4) plays an important role in the formulation of the algebraic Bethe ansatz method, and with the help of the Yang-Baxter equation one can show that it satisfies the following quadratic algebrǎ
We remark that the super tensor products in (A.6) takes into account the parities in the grading F BBF [19] . Besides that, another important ingredient for an algebraic Bethe ansatz solution, is the existence of a pseudovacuum state |Φ 0 in which the monodromy matrix acts triangularly. For the considered vertex model (A.1-A.3) we can choose
in which the action of the operator R (f )
The symbol † stands for non-null values while the functions ω α (λ) are given by
Previous experience with similar vertex models [16] leads us to adopt the following representation for the monodromy matrix (A.4) 10) and the diagonalization problem for the transfer matrix becomes equivalent to the problem,
The triangular form exhibited by (A.8) together with (A.4) allow us to compute the action of elements of the monodromy matrix T (f ) (λ, {µ j }) on the pseudovaccum state |Φ 0 . In this way we can regard B 1 (λ, {µ j }), B 2 (λ, {µ j }) and F (λ, {µ j }) as creation fields while the diagonal ones satisfy the relations
as well as annihilation properties for the remaining elements
The above relations imply that |Φ 0 is an eigenstate of the transfer matrix whose respective eigenvalue is
Within the algebraic Bethe ansatz method we now look for the remaining transfer matrix eigenvectors as linear combinations of products of creation fields acting on |Φ 0 . The general form of these eigenvectors has been already presented in [16] . In order to accomplish that we need to disentangle from Yang-Baxter algebra (A.6) appropriate commutation rules between the diagonal and creation fields. Until this stage, this approach is quite similar to the one used in [16] unless by the fact that the presence of two deformation parameters modifies the set of commutation rules required. In order to avoid an overcrowded section, these commutation rules have been collected in appendix B.
A careful analysis of the commutation rules given in appendix B, together with the relations (A.12,A.13,A.14), leave us with
where Λ B (λ, {λ i }), Λ D (λ, {λ i }) and Λ A (λ, {λ i }) are eigenvalues of the auxiliary matrices T B (λ, {λ i }),
T D (λ, {λ i }) and T A (λ, {λ i }) respectively. The set of rapidities {λ j } follows from the vanishing condition of the so called unwanted terms which will be discussed later.
Initially we shall consider the auxiliary transfer matrix T A (λ, {λ i }) defined as .16) with the following structure for the auxiliary r-matrix
The corresponding Boltzmann weights are a * 1 (λ) = and the diagonal twist is given by
We are interested in the solution of the eigenvalue problem
which is trivial due to the diagonal form of (A.17).
Defining the spin up state |↑ = possessing n + spin up states and n − spin down states such that n = n + + n − . In this basis it is convenient to separate the set of rapidities {λ j } into two subsets {λ + j } and {λ − j }, each one associated with the spin up and spin down components of F respectively. With the above considerations we have
Next we turn to the auxiliary matrices T B (λ, {λ i }) and T D (λ, {λ i }), and their respective eigenvalues. By way of contrast, these matrices are not defined as a trace of a monodromy matrix, but they are diagonal matrices whose elements are given by T B (λ, {λ i }) 
In this algebraic Bethe ansatz construction the unwanted terms are canceled out by making use of explicit form for F (A.21) and provided that the set of rapidities {λ sinh λ
We finally remark that in the above relations we have set q 1,2 = e iγ 1,2 and considered the shifts {λ In order to clarify our notation, the elements r .
